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ABSTRACT
Protein and amino ac id  content of three Louisiana rice 
varie ties  as  a ffec ted  by severa l environmental modifications were 
s tu d ied . Rice sam ples used were Saturn, Dawn, and Bluebelle 
va r ie tie s  grown a t  the Louisiana Rice Experiment Station a t  Crowley, 
Louisiana during 1968 and 1969. The quan tity , method and timing 
of app lica tion  of nitrogen fe r ti l ize r ,  and method of seeding were 
the major treatm ents used in studying these  v a r ie t ie s .
Crude protein content of both brown and milled rice of a l l  
va rie ties  and a l l  treatm ents was determ ined, and amino acid  
an a ly se s  were determined on se lec ted  represen tative  sam ples .
Nitrogen applied  a t  specified  s ta g es  in the physiological 
developm ent of the rice plant produced a marked response in protein 
con ten t, and in alm ost every c a s e ,  protein content w as increased  by 
adding nitrogen fe r t i l ize r .  Protein content varied among the v ar ie ­
t i e s ,  with Bluebelle generally  showing the h ighest protein values
i
for both brown and milled rice in both y ea rs .  Dawn usually  had the 
low est protein con ten t. Saturn was e sp ec ia lly  responsive to applied 
nitrogen with protein in c reases  resu lting  from both 80 and 120 pound 
nitrogen r a te s .  For Dawn and Bluebelle v a r ie t ie s ,  much of the 
inc reased  protein resu lting  from nitrogen fertiliza tion  was apparently 
removed during the milling p r o c e s s .
vlii
Protein content was much higher in 1969 than in 1968 for a ll  
varie ties  and a l l  t rea tm en ts . When a l l  three varie ties  were con­
sidered , it was evident tha t more protein was usually  found in the 
grain when all the nitrogen was applied  a t  seeding (T^), or where 
half the nitrogen was applied  a t seeding and half applied late in 
the  seaso n  a t the 2 mm panicle s tage  (Tg).
There was an inverse re la tionsh ip  between grain yield and 
protein content in the 1968 and 1969 c rops . In 1968, grain yield 
was higher and protein conten t lower than in 1969. This inverse 
re la tionsh ip  resu lted  in the yield of protein being re la tive ly  constant 
for both y e a r s .
The yield of protein per acre  did not differ a s  much among 
trea tm en ts , v a r ie t ie s , and years as  did protein content and grain 
y ie ld . Different ra tes of nitrogen fertilizer had the g rea tes t  effect 
on protein y ie ld . D rill-seed ing  of rice produced slightly  higher 
grain yields and a lower protein conten t than did w ate r-seed ing .
Amino ac id  an a ly ses  showed tha t although some variation in 
amino ac id  content was ev iden t, there did not appear to be a marked 
effect of varie ty , ra te  and  time of nitrogen app lica tion , or method of 
seeding on amino ac id  con ten t,  even though there were considerable  
d ifferences in protein con ten t.
Contents of lysine and th reonine , f irs t  and second limiting 
amino a c id s ,  re sp e c tiv e ly ,  in r ic e ,  were markedly reduced during
ix
the milling p ro c e s s .  Although not s ta t i s t ic a l ly  s ig n if ic an t ,  a 
d e c re a se  In ly s ine  con ten t accom panied  an  in c rease  In protein 
con ten t for both m illed and brown r i c e . There w as a large and 
c o n s is te n t  protein Increase  In 1969 compared to  1968, and con ­
te n ts  of se v e ra l  amino a c id s  were a l s o  g rea te r  In 1969.
It w as concluded from th is  study th a t  apprec iab le  in c re a se s  
in protein  con ten t and yie ld  of r ice can  be expected  to  occur a s  a 
r e s u l t  of d iffe ren t ra te s  and  tim es of app lica tion  of nitrogen fe r t i ­
l iz e r .  Large d iffe rences  in protein  con ten t and y ie ld  of r ice  can  
a lso  be expec ted  a s  a r e s u l t  of d iffe rences  in environm ental con ­
d itions a s s o c ia te d  w ith d iffe ren t s e a s o n s .  Although some d iffer­
e n c e s  in co n ten t of amino a c id s  occurred in th is  s tudy , th e se  were\
of much le s s  magnitude than  were d iffe rences  in  the  protein conten t 
and y ie ld .
x
INTRODUCTION
C erea ls ,  like other plant foods, are generally  considered 
inferior in quality  to animal foods because many tim es they do not 
contain adequate  amounts of the dietary  e s se n t ia l  amino a c id s .  Rice 
contains le s s  protein than other common cerea l grains such as  wheat 
and com , but the quality  of rice protein is superior because of a more 
favorable balance of e s se n t ia l  amino a c id s .  This may explain  how 
Asians are able to live on a d ie t made up alm ost exc lus ive ly  of r ic e .  
Although rice contains a l l  of the dietary  e s s e n t ia l  amino a c id s ,  the 
proportions are not ideally  balanced , and i ts  quantita tive  protein 
content is low.
Because people w ill probably continue to ea t  the same quantity 
of cooked rice regard less  of i t s  protein con ten t, any increase  in this 
nutrient would enhance the nutritional s ta tu s  of m illions, provided the 
quality  of the protein is not lowered.
Rice y ie lds in the United S ta tes  have doubled during the pas t 
d e c a d e . Part of th is  yield  increase  has been due to the development 
of improved varie ties  which have been more d is e a se  r e s is ta n t ,  have 
had g reater  yield p o te n t ia l ,  and which have shown greater response to 
nitrogen fe r t i l ize r .  Higher y ie lds have a lso  been due to improved 
cultural p ra c t ic e s ,  such a s  more effective weed contro l, water
1
2management, and w idespread use of nitrogen fe r t i l ize r .  Increases  in 
the rate of app lica tion  of nitrogen and improvements in the timing and 
method of app lica tion  have contributed significantly  to the overall 
inc rease  in y ie ld . These Improved v a r ie t ie s ,  higher y ie ld s ,  and 
better cultural p ractices have come about a s  a resu lt  of Intensive 
re sea rch . No such effort has gone into the search  for improved 
quantity  and quality of protein in rice since protein content is  not 
a factor in determining economic value on the world market. Recent 
em phasis on the need for increasing  the protein content of ce re a ls ,  
however, has stim ulated in te re s t  in improving protein quantity  and 
quality  of r ice  through both plant breeding and improved cultural 
p ra c t ic e s .
Few controlled s tud ies  have been reported on the protein and 
amino acid  content of rice a s  affected  by varie ta l difference and 
environmental fac to rs . The purposes of th is  study were to  determine 
(1) the varia tions in protein content of both brown and milled rice a s  
affected by different environmental conditions such as  rate and method 
of applica tion  of nitrogen f e r t i l iz e r s , (2) to ta l rice yield and to ta l 
protein yield as  affected  by the different trea tm ents , and (3) the amino 
acid  content of represen ta tive  sam ples .
REVIEW OF LITERATURE
Protein conten t of rice (Oryza sa tiva  L.) shows considerab le  
varia tion  due to many fac to rs ,  such a s  clim atic and environmental 
fac to rs , types and amounts of fertilizers  app lied , var ie ta l cha rac te r­
i s t i c s ,  cu ltural p rac t ice s ,  and degree of milling (Simpson e t aj.. ,  1965). 
Watt and Merrill (1963) give a s  a general represen ta tive  value for 
protein con ten t, 7 .5  percent for brown rice and 6 .7  percent for w hite, 
fully milled r i c e .
Numerous values for crude protein content of r ic e ,  however, 
have appeared in the li te ra tu re , ranging from 4 .6  to 13.4 percent for 
m illed, or white rice and from 6 .7  to 13.5 percent for brown or whole 
rice (G rist, 1959; Juliano, 1966; P a r i a l e t a l . ,  1970; Houston and 
Kohler, 1970).
With the es tab lishm en t of the In ternational Rice Research 
Ins titu te  (IRRI), Los Banos, Laguna, The Philippines, and the concen­
trated effort to find varie ties  of rice tha t might p o sse ss  a genetic 
character for high protein, screening of thousands of sam ples for crude 
protein from the world rice co llec tion  revealed  101 v ar ie ties  th a t  had 
protein contents from 13.2 to  16.6 percent (IRRI, 1967). Juliano (1968) 
reported a mean level of 14 percent protein in 12 6 high protein varie ties  
from the world co llec tion .
3
4M cCall and co-w orkers (1953) reported 15.2 to 19.2 as  the 
percent protein in true bran. Rice polish contained 11 .7  to 12.7 
percent protein (M cCall e t  a l . , 1951). Besides the milling p rocess , 
which separa tes  the bran and polish from the grain , many other known 
factors a lso  significantly  influence protein conten t of r ice and w ill be 
d isc u sse d  in g reater  d e ta i l .
Nutritional Value of Proteins
The nutritional adequacy of a protein must include both quantity 
and quality . One method for determining the quality  of a protein is by 
comparing amino ac id  com position to to ta l nitrogen con ten t.
Although rice contains le ss  protein than wheat or corn, it  has a 
superior biological va lue . When Sreenivasan (1941) compared the protein 
of r ice , com  and wheat in ra t feeding s tud ies  a t  the same level of In take, 
rice protein had the h ighest biological va lue . M itchell (1924) found 
that the biological value of brown rice protein was superior to tha t of 
corn or oa ts  a t  the five percent level of In take . Sure and House (1948) 
used the n itrogen-balance  method to determine the re la tive  biological 
va lues  of proteins in ce rea ls  fed a t  a five percent protein leve l.  The 
protein u til iza tion  values  for milled ce rea l grains were: rice 7 5 .1 ,  
wheat 6 0 .0 ,  rye 6 3 .1 ,  and corn 3 2 .0 ,  with 100 a s  a b as is  for compari­
so n . Findings for the whole grain were: r ice 8 0 .0 ,  wheat 7 6 .1 ,  rye 
7 3 .2 ,  corn 7 8 .8 ,  and rolled oats 7 5 .6 .  Kik (1939) determined
5biological values  for brown r ice , white polished r ic e ,  rice bran, rice 
polishings and obtained a t  the £lve percent protein level values  of 
7 2 .7 ,  6 6 .6 ,  8 4 .9 ,  and 0 2 .9 ,  resp ec tiv e ly .  Many investigators  have 
reported the biological value of r ice  protein a s  the protein efficiency 
ra tio  (PER). The PER values for milled rice a t  protein levels  a t ta inab le  
with rice alone range from 1.5 to 2 .0  (Sure, 1950; Kik, 1952; 
Patwardhan, 1957; Bressani and V aliente, 1962). The proteins of brown 
rice differ from those of milled rice in their higher content of the soluble 
pro teins , albumins and g lobu lins . The nutritional value and ava ilab ility  
then may be expected  to differ to some ex ten t.  Kik (195 7, 1965) 
reported PER values for brown rice slightly  higher than those for milled 
r i c e . There is suggestive evidence tha t the d iges tib ili ty  of brown rice 
is  a little  lower than tha t of white rice (Houston and Kohler, 1970). 
Consumption of large quan tit i tes  of brown rice for extended periods of 
time is not likely due to i t s  strong flavor and because  of apparent 
in te s tiona l d istu rbances (Jones, 1946).
A more de ta iled  d isc u ss io n  of the nutritional adequacy of rice 
proteins may be found in an  ex tensive review published by Houston 
and Kohler (1970). An ex tensive  bibliography of experimental nutrition 
s tud ies dealing  with rice protein has been reported by Coons (1968).
Varietal D ifferences and Environmental Factors
Sturgis e t  a l .  (1952) studied the effect of nitrogen fertilizers  on 
protein content of rice grown a t  the Louisiana Rice Experiment S tation . 
They a lso  studied the variation in protein content of 29 different 
varie ties  and se lec tio n s  of r i c e , and the distribution of protein frac­
tions within these  v a r ie t ie s .
D ifferences in the protein conten t of the major varie ties  were 
highly s ign ifican t. Analysis of the protein fractions indicated  tha t 
the water soluble albumins dec reased  with increasing  to ta l nitrogen, 
and the prolamins and g lu te lins  inc reased . This varie ta l difference 
could be a factor contributing to variation in amino acid  com position.
Fertilizer treatm ents usua lly  increased  the yields of r ice , but 
did not s ign ifican tly  inc rease  the percentage of protein nitrogen. 
However, when yield  was limited by environmental fac to rs ,  such a s  
la te planting and insuffic ien t phosphorous, the effect of the addedI
nitrogen fertilizer was to inc rease  the protein content rather than the 
yield of g ra in .
The nutritional effec t of nitrogen on rice usually  takes  one of 
two forms: the  nitrogen In c reases  the grain yield without markedly 
affecting  the protein content of the  grain , or the nitrogen Increases
the protein content with li t t le  or no Increase  in the yield  of grain .\
The f irs t  effec t occurs when the only lim itation on yield  is  the supply
6
7of nitrogen I tse lf ,  and the second effec t occurs when some iac to r , or 
fac to rs , other than nitrogen lim its the y ie ld , and the absorbed nitrogen 
therefore becomes availab le  for increased  protein storage in the grain. 
It should a lso  be recognized tha t a combination of these  two effects 
can occur in which nitrogen cau ses  s ligh t inc reases  in both yield and 
protein content (Russell, 1950).
Environmental factors such as  season  and year have caused grain 
protein content of a variety to vary from 9 .0  to 14.7 percent, a range 
of about 6 percent on dry weight b as is  (IRRI, 1963). Over a period 
of y ea rs ,  Kik (1951) found tha t the average protein content of rice 
grown in fertilized  plots was not sign ifican tly  different from that grown 
in non-ferti lized  p lo ts .  Kymal (1955) and Bandemer and Evans (1963) 
found tha t the location where rice is grown is an important factor in 
protein and amino ac id  con ten t.  Rice varie ties  grown a t  the same 
location differed widely in the ir  content of e s se n t ia l  amino a c id s ,  
however, there w as greater varia tion  within the same varie ty  grown 
a t  different lo c a t io n s . Moreover, an increase  in protein content of a 
particular va rie ty , from whatever c a u se ,  did not n ecessa r ily  re f lec t an 
improvement in the e s se n t ia l  amino ac id  pattern . Generally, a s  the 
protein content in c reased , the content of e s se n t ia l  amino ac ids  
d ec re ase d . This re la tionsh ip  was le s s  definite  in the c a se s  of 
tryptophan and methionine.
8Michael e t  aK  (1961) found tha t rice p o sse sse d  higher g lu te lin  
levels only a s  a re su lt  of la te fer ti l iza tion . Increased maturity did 
not a ffec t the soluble nitrogen (albumins and g lobu lin s) , but there 
w as inc reased  endosperm nitrogen (prolamins and g lu te lin ) . Aleurone 
protein was g lobu lin , germ protein was albumin plus a small amount 
of globulin .
It is  evident tha t there are many in terre la ted  factors which are 
effective  in modifying the content of crude protein and amino ac ids  in 
r ice . The usual 6 to 9 percent protein in U .S . milled rice varies not 
only with varie ty , but with environmental factors such as  seaso n , 
year, loca tion , so il  com position, and cultural practices. Milled rice 
has been produced with a s  much as  16 percent protein (IRRI, 1964). 
Increase  in protein content is  possib le  through fertiliza tion , but the 
strain  of rice must be ab le  to u tilize  the fertilizer effectively  without 
causing  agronomic problems.
Investigations were made a t the Maligaya Rice Research Center 
in Central Luzon, Philippines to study the response of severa l v a r ie ­
tie s  to different leve ls  of nitrogen fertilizer (IRRI, 1969). Grain yields 
of most varie ties  increased  sign ifican tly  with the application  of each  
additional 30 kg N /ha up to  150 kg N /h a .  The optimum nitrogen 
fe r tilizer  level appeared to be 90 kg N /ha during the dry se a so n .  In 
the wet se a so n ,  y ie lds of a l l  va rie ties  te s te d  generally  increased  with 
the addition of 60 kg N /h a . Analysis of the protein content of s ix  lines
9ind icated  tha t,  on the average , protein Increased from 7.2 to  9 .5  
percent a s  the nitrogen level was increased  from 0 to 150 k g /h a .
Different tim es of fe rtilizer  app lica tion  were a lso  studied a t 
the M aligaya Rice Research Center. The la ter applications of 
nitrogen fe r tilizer  produced higher protein content in the rice grain 
than did early  a p p lica tio n s .
Genetic pattern may be a factor in the differences observed in 
amino ac id  content among different v a r ie tie s  a t  the same location 
(Kymal, 1955).
Various projects are underway in severa l in s titu tions  to in c re a s e , 
a s  well a s  improve, protein content of r ice  (IRRI, 1969). One p o ss i­
bility  of increasing  the protein content is through chemical treatment 
of the rice p lan t. Increases  in protein content of several crops as  a 
result of applying low rates of the herb ic ide , sim azine (2-ch lo ro-4 , 
6 -b is  e thy lam ino -s-tr iaz ine )  have been reported . Protein content of 
severa l food and forage crops has been increased  by as  much as 80 
percent by trea ting  with trace  amounts of s im azine, Protein content 
of peas w as inc reased  by 50 percent, and corn and sq u ash , 25 to 40 
percen t. Simazine in c reases  the p la n t’s ab ility  to  syn thesize  protein 
from its  carbohydrate con ten t. An experim ent.w as conducted to d e te r­
mine the effec t of s im azine on the protein con ten t of the rice grain when 
applied to flooded so il a t  flowering t im e . Nitrogen fe r tilizer  and four 
ra tes  of sim azine were app lied  to a California rice variety  when the
10
panicles em erged. The sim azine Increased  the protein content of the 
brown rice a t  a l l  four ra tes  of app lica tion . Generally, the increase  
in protein content w as higher a t  lower poll nitrogen l e v e l s . Simazine 
inc reased  the amino ac id  contents of brown rice without favoring or 
inhibiting any amino ac id  excep t ly s in e .  A decrease  in lysine content 
with an increase  in protein conten t has a lso  been reported in other 
s itua tions  (Kymal, 1955; Juliano e t  a l .  , 1964; Cagampang e t a l . ,  
1966). Although sim azine increased  the protein conten t of r ice , it 
a lso  inc reased  the s te r i l i ty  of the rice p lan ts ,  thus lowering the grain 
y ie ld . The to ta l sugar and sta rch  contents were d ras tica lly  reduced by 
the sim azine treatm ent, thus reducing the dry weight without corre­
spondingly reducing protein or nitrogen con ten t. When field experi­
ments were conducted to te s t  the effect of s im azine, protein yield was 
d ec reased  due to s te r i l i ty  of the plants which in turn lowered grain 
y ie ld . Although the percentage of nitrogen was high, the resulting 
protein yield per hectare  d e c re a se d .
Protein Fractions
Early s tud ies  on rice protein were chiefly  concerned with 
iso la tio n , ch a rac te r iza tio n , and c la ss if ic a t io n  of the protein frac tions . 
The four f rac tio n s ,  ex trac tab le  su c c e s s iv e ly  by w ater, dilute NaCl 
so lu tion , e thano l, and dilute a lk a li ,  were designated  a s  album ins,
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g lobu lins , prolamins, and g lu te lin s ,  re sp ec tiv e ly , following the 
conventional means of c la ss if ic a tio n  of Osborne and Mendel (1914).
Rosenheim and Kaijuira (1908) firs t iso la ted  the g lu te lin  fraction 
in 1908 and named it  oryzenin . Unlike the protein of o ther c e re a ls ,  a 
g reater percentage of the protein of rice belongs to th is rather uncommon 
c la s s  of a lk a li -so lu b le  proteins (Jones and C sonka, 1927; Sturgis e t  
a l . , 1952; Cagampang e t  a l . , 1966). Loza (1953) defined glutelin  as  
the residua l protein a f te r  su c c e s s iv e  extractions of rice powder with 
w ater, dilute N aC l, and e thano l, rather than a s  the a lk a li-so lu b le  
e x t ra c t .
Research in India (Subrahmanyan e t a l . , 1938; Ramia, e t  a l . , 
1939), Spain (P r im o e ta K  , 1963), and the U .S . (Sturgis, et a l .  ,
1952; Hogan et a l . . , 1964; Normand e t  a l . ,  1966; Cagampang, e t  a l . ,  
1966) have shown tha t the protein distribution  in rice is heterogeneous. 
The g lu te lin  fraction of r ice protein is predominant in the whole grain, 
milled r ic e ,  and rice po lish . It is  the fraction of lowest nutritional 
va lue , containing a sm all quantity  of ly s ine . Albumin, the w ater- 
so luble fraction of h ighest lysine con ten t, is concentrated in the outer 
layers , mostly in the bran and germ. Globulins are concentrated  in 
the bran and po lish , and prolamin is rather evenly d istributed  through­
out the grain .
Eighty percent or more of the to ta l  protein of milled rice is  
g lu te lin  (Houston and Mohammed, 1970). The In ternational Rice
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Research Institu te  (1968) reported tha t in the extraction  of high protein 
r ic e s ,  glutelin  fractions comprised 80 percent of to ta l proteins in 
brown rice and about 91 percent in milled r ic e .  The album in-globulin 
fraction was 15 percent in brown and 6 percent in milled r ic e ,  and 
prolamin was 5 percent in brown and 3 perce n t in milled r i c e .
A compilation by Juliano (1966) showed considerab le  variation 
in the amounts of soluble proteins found by various w orkers . In 
genera l, globulins were about 7 to 11 percent of the to ta l pro teins, 
and albumins comprised 0 .5  to 6 .0  percen t.
Houston e t  a l . (1964) reported the separation  of milled rice 
globulins into two frac tions . Recently, Houston and Mohammed 
(1970) purified and characterized  the major globulin component. It 
was the le s s - so lu b le  component of the globulin fraction , and contained 
18.1 percent n itrogen. Amino acid  an a ly s is  revealed  a complete 
absence  of lysine and h is t id in e , which is  unique among ce rea l  pro­
te in s .  Glutamic ac id  and arginine made up 43 percent of the to ta l 
m olecule . High arginine and low tryptophan va lues  agreed with Pence 
and Elder's (1953) d is t inc tion  of globulins from album ins. Sulfur- 
containing amino ac ids  were a l s o  found to be quite high. The more- 
soluble fraction of rice globulins was characte rized  by a high sulfur 
content and is  currently  being s tu d ie d .
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Studies by Cagampang e t  aK (1966) showed that in most c a se s  
rice bran had a lower protein content than polish. Indicating that the 
outermost layers of the rice grain may have not been h ighest in protein 
con ten t. More refined milling of su c cess iv e  layers of brown rice by 
Primo e t  aK (1963) and Hogan e t  a l .  (1964) demonstrated tha t the 
h ighest protein f rac tio n  was not the outermost 5 percent, but the 
second outermost 5 percent f ra c tio n . Protein ratios of various frac­
tions indicated  that a major portion of the albumin and globulin were 
removed during the milling process (Lozsa, 1953; Cagampang, 1966).
Investigators  have given considerable a tten tion  to the d is tr ib u ­
tion of protein in ce rea l g ra in s . Several s tud ies  on wheat (Morris 
e t a l . , 1945, 1946), barley (Normand et a l . ,  1965), oats (Portch et 
a l . , 1968) and grain sorghum (Hubbard e t  aK , 1950; Normand e t aK , 
1965) a l l  report uneven d istribu tion  of protein, with high protein bearing 
layers occurring on the outer portions of most g ra in s . As in r i c e , the 
h ighest protein fraction was not the outermost layer. Normand e t a l .
(1965) found the fourth fraction of hard wheat to p o sse ss  the h ighest 
percent protein with the second fraction the next h ighest percent. With 
soft w heat, however, there w as little  variation between outer layers and 
the whole kernel.
From an a ly se s  of protein fractions of 29 U .S . r ice v a r ie t ie s ,  
Sturgis e t a l .  (1952) found tha t albumin, as  a percentage of to ta l
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protein, was negatively  correlated  to to ta l protein con ten t. Prolamin 
and g lu te lin  contents were positively  correlated with protein lev e ls ,  
but no correlation was found between globulin and protein. Similar 
changes in the quantity  of glutelin  and prolamin with a change in 
protein content have been reported for w heat, barley, and oats 
(M ichael e t a l . ,  1961) and for com  (Bressani and Mertz, 1958).
Data from ex tensive s tud ies  by Cagampang et a l .  (1966) in d i­
ca ted  that with an increased  protein con ten t, g lu te lin  and prolamin 
fractions doubled, whereas albumin and globulin fractions were only 
s ligh tly  a f fec ted . M ichael e t  a l .  (1961) and Ozaki and Moriyama 
(1953) a lso  reported tha t increased  protein content in a rice variety  
resulted  mainly in increased  g lu te lin  con ten t.
Taira (1962) has reported the amino ac id  composition of four 
main fractions of brown rice and Tamura et a l .  (1963) those  of milled 
r i c e . Marked d ifferences in amino ac id  composition of the four frac­
tions were read ily  observed . Lysine was concentrated primarily in 
a lbum ins , cystine  in g lo b u lin s , leucine and proline in the prolam ins. 
Little cystine  w as found in prolamins and g lu te lin s .  The amino ac id  
composition of g lu te lin  is  not well e s tab lish ed  (Taira, 1962; Tamura 
e t  aju , 1963; Houston e t  aK , 1970) even though considerable  work has 
been done on th is  predominant fraction . It is  agreed , however, tha t 
g lutelin  is the fraction of low est nutritional v a lu e , and the one most 
affec ted  by environm ental modification.
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Variations among amino ac id  contents of different milling frac ­
tions of the rice grain reflec t differing protein com position. Bran 
protein contained much larger proportions of w ate r-so lub le  albumins 
and sa lt-so lu b le  globulins than did the milled kernel (Juliano, 1966; 
Cagampang e t  a l . , 1966). Bran contained the g rea tes t amount of 
h istid ine and was lowest in proline. Glutamic acid decreased  markedly 
from milled rice to brown r ic e ,  whereas asp a r tic  acid was more equally 
d istributed  (Houston, ®Lt aK , 1969). Albumins contained more lysine 
(5 to 9 percent) and globulins le ss  lysine (1 to 4 percent) than the 
2 .5  to 4 percent reported in g lu te lin .
Extraction of the protein fractions revealed changes in protein 
quality  brought about by an inc rease  in protein con ten t. The d is tr ibu ­
tion gradient of amino ac ids  in the protein fractions was reflected  in 
the chromatograms of milled rice and b ran -po lish . The two amino 
ac id s  most affec ted  were lysine and glutamic a c id .  Bran-polish 
protein averaged 16 percent glutamic ac id  and 5 .75  percent ly s ine , 
whereas milled rice had 21 .5  percent glutamic and 3.32 percent ly s in e . 
Since there was a more even d istribu tion  of protein in high protein 
r ic e s ,  the brown rice chromatogram was sim ilar to tha t for milled r ic e .  
Glutamic ac id  and lysine contents of brown rice protein were 21 .1  
and 3.53 percent, re sp e c tiv e ly .  There was a higher percentage of 
prolamin in brown rice than in milled rice which was in agreement with 
previous find ings.
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Protein and free amino ac ids  are concentrated  in the outer layers 
of the rice kernel (Subrahmanyan e £ a l . , 1964; Normand e t  a h  , 1965; 
Houston e t  a l . , 1968). Free amino ac id  nitrogen accounts for about 
one percent of the to ta l crude protein nitrogen. It i s  h ighest in the 
embryo, le ss  in bran, and le a s t  in milled r ice  (Takano and Nozu, 1961). 
Alanine, g lyc ine , and  glutamic ac id  are those amino ac id s  generally 
found in h ighest concentration . Albumin and globulin fractions are 
h ighest in the outer la y e r s , while g lu te lin  is found in h ighest concen­
tra tion  in the cen ter  of the endosperm (Houston, e t  a l . ,  1968).
Amino Acids in Rice Proteins
Amino acid  com position and balance determine the nutritional 
adequacy of a protein . Although rice protein contains a l l  the dietary 
e s se n t ia l  amino ac id s  and is superior in b iological quality  to other 
cereal p ro te in s ,  it is  not ideally  ba lanced . Comparison of the amino 
ac id  composition w ith  the FAO reference pattern shows rice to be 
appreciably  low in ly s in e .  S tudies have a l s o  dem onstrated that lysine 
is  the f irs t limiting amino acid  in rice for supporting nitrogen eq u ili­
brium of adult human sub jec ts  (Chen e t  a l .  , 1966). Some ana lyses  
have given low values for the su lfur-contain ing  amino ac id s  (Houston 
e t  a l . , 1969). Recent da ta  on human requirements (Committee on 
Protein M alnutrition, 1963), suggest tha t severa l of the FAO figures 
for individual amino ac id s  in the reference pattern  are e x c e s s iv e .
17
M odifications have been made by some investiga to rs  such as  Kohler
(1966), in which to ta l sulfur amino ac id  recommendation is lowered 
from 4 .2  to  3 .4  g /16  g N. When protein in take is  lowered, the 
ad jus ted  reference pattern shows tha t threonine is  the second limiting 
amino ac id  in rice protein . It has been shown tha t supplem entation 
with lysine  and threonine ra ised  the  biological value of rice protein 
markedly (Chen, 1967). Several investiga to rs  have confirmed the 
supplementary value of the synthetic  amino ac id  combinations of 
lysine and threonine in inc reased  PER (Kik, 1952; Sure, 1955). Howe 
and co-w orkers (1965) recen tly  showed tha t a t  7 .8  percent protein 
leve l,  0 .2  percent L -iysine  HC1 plus 0 .2  percent DL-threonine ra ised  
the PER of a rice d ie t from 1.50 to 2 .6 1 .
Only in recen t years have ex tensive  s tud ies  been made of the 
amino acid  composition of p ro te ins . After 1943, microbiological 
methods were used  to determine amino ac id  composition and more 
recen tly , chromatographic an a ly se s  have been p o ss ib le .  Very li t t le  
data were reported prior to 1950 on amino ac id  composition of r ice ,  
and wide d isc repanc ies  e x is t  in  data  tha t are now ava ilab le  (Orr and 
W att, 1957).
Compilations of ava ilab le  data on amino acid composition of 
milled and brown r ice  and r ice  products by Juliano (1966) and by 
Houston and Kohler (1970) show wide v ar ia tio n s .  M icrobiological 
an a ly se s  on U .S . brans (Schweigert, 1947; Lyman e t  a 1 ., 1956; Kik,
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1956), and recent chromatographic ana lysed  on Spanish and Japanese 
brans (Tamura and Kenmochi, 1963; Lain and Rodriguez, 1965) a lso  
vary. M icrobiological a n a ly se s  on U .S . po lishes (L y m a n  et a l .  ,
1956; Kik 1956) show appreciable  d ifferences a s  w ell .  D iscrepancies 
are due primarily to d ifferences in hydrolytic conditions and an a ly tica l  
methodology, however v a r ie ta l  and environmental conditions are a lso  
important contributing factors (Kohler and Palter, 1967; Houston e t  al.. , 
1969).
Cagampang e t  a l .  (1966) found tha t with inc reases  in protein 
content of 8 varie ties  of milled r ic e ,  lysine increased  significantly  
le ss  than the other amino a c i d s . In con trast glutamic ac id  and ty ro ­
sine were positive ly  correla ted  with protein con ten t. These trends for 
ly s in e , m ethionine, and tyrosine were previously reported in 16 
varie ties  of milled rice by Juliano e t  a l .  (1964). Kik and Hall (1961) 
and Kymal, (1955) in determining amino ac id  content by microbiological 
a s s a y s ,  found iden tica l trends for lysine and the other seven e s se n t ia l  
amino a c i d s .
In a study of the protein and amino ac id  content of several 
v a r ie tie s  of milled rice and rice by-p roduc ts , Houston e t  a l .  (1969) 
found tha t desp ite  a 60 percent varia tion  in nitrogen con ten t, there 
was re la tive ly  minor varia tion  in amino ac id  con ten t. As protein 
in c reased , there were d e c re a se s  in h is tid ine  (r= -0 .68**) and lysine 
(r= -0 .7 1 * )  which confirmed an  ea rl ie r  report of th is  re la tionsh ip  in
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rice (Cagampang, 1966). In co n tra s t ,  there were inc reases  in 
methionine (r= +0.64*), valine (r= +0.42), and tyrosine (r= +0.37) 
a s  protein in c reased .
Ihe X-M r ic e ,  from which bran removal is  accom plished with a 
so lvent p ro cess , did not differ appreciab ly  in amino acid composition 
from the other milled r ic e s .  It was expected  tha t some amino ac id  
values  would have been higher due to the fact that the aleurone layer  
remained in tac t in th is p ro cess .  Few values differed from the average 
more than  5 percent, and none by 10 percent.
This rela tion  between lysine and protein is co n s is ten t with 
observed inc reases  in prolamln as  to ta l protein inc reased , since 
prolamin had the lowest lysine content of the four rice protein frac tions . 
This finding seems to explain sim ilar negative correlations in com  
(Bressani and M ertz, 1958) and wheat (McDermott and Pace, 1960). 
Lysine content of rice protein dropped from 4 .35  to 3.66 percent as  
to ta l protein increased  from 7 .3  to  11.9 percen t. Actually, there was 
a net gain in lysine  content of milled rice with in c reases  in protein 
con ten t. The drop in percentage of lysine w as le ss  than tha t reported 
for wheat and corn, probably because prolamln is  a very minor protein 
fraction in r ic e .  Lozsa and Koller (1953) su b s tan tia ted  th is  when they 
reported tha t a larger quantity  of protein in rice was not a s so c ia te d  
with a dec line  in biological q u a li ty .
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Factors Affecting Protein Content of Rice
In se lec tion  of new rice v a r ie t ie s ,  em phasis has been placed on 
breeding for higher yield per acre and in maintaining or improving 
cooking and processing q u a l i t ie s .  The superiority  of a variety depends 
not only on i ts  yield  potential but a lso  on consumer accep tance  
(Ghosh e t a l .  , 1968). In the United S tates there is  a coordinated 
r ice-breed ing  program conducted cooperatively  by the United S tates 
Department of Agriculture and Agricultural Experiment S tations in the 
rice producing s ta te s  of A rkansas, C alifornia , Louisiana, M iss iss ipp i 
and T e x a s . New varie ties  developed by rice breeders and re leased  for 
commercial production must meet e s tab lish ed  standards for cooking 
and processing  qualitie s  required for each  major grain ty p e . Prior to 
re le a se ,  new v a r ie tie s  are te s ted  agronomically and quality -w ise  for 
a t  le a s t  3 years in their likely production area (Webb, 1967). 
Unfortunately, li t t le  a tten tion  has been given to protein content, and 
the trend has been toward inc reased  plantings of h igh-y ie ld ing , low- 
protein v a r ie t ie s . The s itua tion  regarding quality  of rice protein is 
even more unsa tis fac to ry . Until recen tly , a lm ost nothing was known 
about the re la tionsh ip  between to ta l nitrogen and protein quality  of 
r i c e .
Protein conten t of rice in the United S ta tes  is le s s  of a problem 
because rice is  considered  a carbohydrate food rather than a source of 
protein . Undemutrltion and m alnutrition, however, are currently 
w idespread in many countries where ce rea ls  are s tap le  in the d ie t.
21
With protein defic iency being one of the most urgent nutritional 
problems today, many workers in India (Ghosh e t  a l .  , 1968; Garcha 
e t  a K , 1968; Rao, 1969), the Philippines (Juliano, 1966; IRRI, 1963- 
1969), United S ta tes  (Hogan e t  a l . .  1964; Houston e t  a l . . 1969), and 
e lsew here are looking for ways to improve both the quantity  and quality 
of protein.
Effect of Milling
Of a l l  c e re a ls ,  rice alone is ea ten  predominantly as  milled whole 
grain (Houston and Kohler, 1970). It is  generally  recognized tha t 
degree of milling influences both protein and amino acid  content of 
r i c e . The loss  of protein in brown rice during milling ranged from 11 
to 26 percent (Cagampang e t  a l . , 1966). Since albumins and globulins 
are the major proteins in bran and polish , they are those  principally 
removed during milling and therefore the lysine content is  dec reased . 
Rice germ is usua lly  removed with the bran during milling, and when 
sep ara ted , it h as  the h ighest biological value of a l l  r ice  products with 
a PER of 2 .59  a t  5 .7  percent protein (Houston and Kohler, 1970).
Cagampang e t  <ri. (1966) and Houston and Iwasaki (1966) found 
albumin, a protein of high nutritional va lue , concentrated  in the outer 
layers of rice while g lu te lin , a protein of low nutritional va lue , was 
concentrated  in the inner layer. Bran and polish was higher in protein 
than the milled r ice ,  but contrary to popular belief tha t increase  in
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protein goes principally to the outer la y e r s , most of the protein was 
found in the g lu te lin  of the milled rice (IRRI, 1964).
A study of the (Hilling fractions of h igh-protein  rice varie ties  
a t  IRR1 confirmed sm aller differences in protein conten t of brown and 
milled rice a t  higher protein l e v e l s . A bran-po lish  recovery of 8  
percent from high protein rice as  compared to 1 0  percent for low- 
protein sam ples reflec ted  greater re s is tan c e  of h igh-pro te in  r ices  to 
m illing . Previous findings had shown tha t high-protein  r ices were 
more d ifficu lt to mill and a lso  had a more uniform protein distribution 
than low -protein  rices (IRRI, 1968).
Breeding for High Protein Rice
Research on production of h igh-pro te in  r ices  has recently  been 
undertaken a t the International Rice Research Institu te  (IRRI), a t  the 
California Rice Experiment S tation , and the Arkansas Rice Experiment 
S tation . At IRRI (1963) sc ie n tis ts  are trying to Improve rice varie ties  
and y ie ld s ,  to determine more spec if ica lly  reasons for high protein 
content of various lin e s ,  and to dem onstrate how high levels  can be 
co n s is ten tly  ob ta ined . Nutritional adequacy of rice protein is  not 
always enhanced by in c reases  in protein con ten t, rather it  is sometimes 
slightly  lowered. This anomaly a r is e s  from the fact tha t in c reases  in 
protein content are mostly in g lu te lin , the predominant fraction r e la ­
tive ly  low in ly s in e , and in prolam ln, the fraction containing alm ost
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no lysine (Cagampang e t aK , 1966). Therefore, lysine Increases  a t  a 
le sse r  rate than other amino ac ids  causing a greater amino acid 
im ba lance .
Experience has shown tha t i t  i s  more difficu lt to  inc rease  the 
rela tive percentages of spec if ic  amino ac id s  in rice than i t  is to 
inc rease  the overall protein content of the grain . The discovery by 
Mertz e t  a l .  (1964) tha t a mutant gene (Opaque-2) changed the protein 
composition of com  and a lso  Increased  lysine content a le rted  rice 
researchers  to look for a sim ilar p o ss ib il i ty .
As the in itia l phase of a cooperative program of breeding for high 
protein r ice ,  the IRRI world rice  co llec tion  was screened  for crude 
protein in order to find high protein varie ties  (IRRI, 1967). Mean 
protein content of 7,419 sam ples including both wet and dry s e a so n s ,  
was 10.5 -  1.6 percen t. From th e s e ,  101 varie ties  with a t  le as t  13.5 
percent protein in each seaso n  with a mean leve l of 14 percent were 
se le c te d .  Amino ac id  a n a ly se s  showed a narrow range of values for 
a l l  amino a c i d s . The ra tio  of the eight e s s e n t ia l  amino ac id s  to to ta l 
amino ac id s  ranged from 0 .289  to 0 .3 4 3 . Results ind ica ted  tha t within 
the protein levels  of 13.2 to 16,6  percent, amino ac id  com position, 
with the exception of ly s in e , was e s se n tia l ly  independent of protein 
con ten t. The correla tion  between protein and lysine to protein was 
s ign ifican t (r= -0 .249**). Because of the  in te raction  between environ­
ment and protein con ten t, a third planting of the  1 0 1  v a r ie t ie s  during the
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1967-68 dry se aso n  was analyzed  for protein content to determine 
which were co n s is ten tly  h igh-protein  v a r ie t i e s . Protein content from 
three separa te  p lantings gave further evidence that genetically  high 
protein varie ties  ex is ted  (1 3 .5 -1 5 .0  percen t) .
S elected  lysine  a n a ly se s  between 2 .52  and 5.47 percent for 634 
sam ples with a protein range of 6 .7  to 18.2 percent correlated s ig n i­
ficantly  (r= -0 .49**) with protein con ten t. Only 25 percent of the 
variation in lysine content of brown rice was attributed  to variation in 
protein con ten t. No high lysine  variety has yet been identified  
(IRRI, 1968).
Recent research  has shown that protein is  stored in bodies 1 to 
3 microns in s iz e  in the rice endosperm , and that protein syn thesis  
takes p lace in th ese  bodies (Del Rosario e t  aK , 1968). These re su lts  
ind ica ted  tha t one of the major d ifferences between high protein and 
low protein varie ties  was the higher level of free amino ac id s  occurring 
in the former, and a greater  tendency to Incorporate amino ac ids  into 
protein than was the ca se  for low -protein  v a r ie t ie s .  Experiments are 
now underway to  confirm the effec t of free amino ac ids  on protein 
s y n th e s i s . This is accom plished by manipulating the nitrogen supply 
during grain development (IRRI, 1969).
MATERIALS AND METHODS
Rice sam ples used  in th is  study were obtained from the Rice 
Experiment Station a t  Crowley, Louisiana and were harvested  during 
1968 and 1969. Plantings were part of an experiment designed to 
study the effect of varie ty , method of seed ing , quantity  of nitrogen 
fe r ti l ize r ,  and method and time of application  of nitrogen fertilizer on 
yield  of r ic e .  Varieties used  were Saturn, Dawn, and Bluebelle.
Saturn is a medium grain varie ty , and Dawn and Bluebelle are long 
g ra in .
All treatm ents were rep lica ted  four times using a sp l i t -p lo t  
des ign  with time of app lica tion  constitu ting  the main plot and nitrogen 
ra tes  the s u b - p lo ts . Separa te , but ad jacen t experiments were used for 
each  varie ty . All three varie ties  were used in the w ate r-seed ed  portion 
of the experim ent, while only Saturn and Dawn were d r i l l - s ee d e d .
D rill-seed ing  is  the trad itional method of planting r i c e , while w ater-  
seeding (dropping the seed  from an  airplane onto a flooded field) now 
predom inates.
Various nitrogen app lica tion  methods included subsurface p la c e ­
ment of a l l  nitrogen before seeding (a method designed to  provide 
maximum conservation  of nitrogen), broadcast app lica tion  of a l l  
nitrogen prior to  f irs t flood (a method commonly used by fanners
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because of Its conven ience), and severa l methods which involved 
applying half the nitrogen broadcast a t  f irs t flood and half a t  various 
times during the growing seaso n  to correspond with given physiological 
s ta g es  of development of the rice p lan t. Ammonium sulfate  a t  ra te s  of 
0, 80 and 120 lb N per acre was used a s  the nitrogen source . All plots 
received  an amount of phosphate and potash considered adequate for 
good yields (50 lb P2 O5  and K2 O per ac re ) .  Specific treatments used 
in th is  study are outlined in Table 1.
Preparation of Samples
Samples cons is ting  of 1000 grams of cleaned , a ir-d ried  rough rice 
were hulled with a McGill sh e lle r .  The hulled rice grains were separated  
from the loose h u lls ,  and the resu lting  brown rice was milled and 
polished with a McGill miller No. 3, according to offic ial government 
inspection  procedures (U .S . Production and Marketing Administration, 
1962). Percentage of hulls averaged 20 percent of the rough sam ple, 
and milling yields of 6 7 .2 ,  70 .6  and 71.8 percent were obtaine.’ for 
Dawn, Bluebelle, and Saturn, respec tive ly .
After hulling an d /o r  m illing, rep lica tes  of each treatment were 
packaged, labeled , and stored  in a ir - t ig h t  c a n s .  Samples from 1968 
were stored a t  -20 C until a f te r  th e  1969 harvest when a l l  sam ples 
were prepared for sim ultaneous a n a ly s e s .
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T able  1
Treatments used In experiment
Varieties
Saturn (brown and milled)
Dawn (brown and milled)
Bluebelle (brown and milled)
Method of Seeding 
Drill seeded 
W ater seeded
Rate of Nitrogen Fertilizers Used 
0  lb per acre 
80 lb per acre 
1 2 0  lb per acre
Method and Time of Application of Nitrogen
T} Subsurface drilling of a l l  nitrogen a t  seed ing .
T3  Broadcast app lica tion  of a l l  nitrogen prior to f irs t flood.
Tg Half nitrogen broadcast a t  f irs t  flood and half applied a t
elongation of basa l in te m o d e , or f irs t  Joint.
Tg Half nitrogen broadcast a t  f irs t  flood and half applied when
panicle w as 2  mm in length .
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Four re p lic a te s  from each  treatm ent were thoroughly m ixed, 
forming a com posite sam ple rep resen ting  ea ch  trea tm en t. A subsam ple 
of ea ch  com posite was hand picked to  remove any hull r e s id u e ,  then 
thoroughly ground in a  W aring Blender for approxim ately four minutes . 
This method of grinding produced sam ples  of which 95 percent p assed  
through a 16 m esh s ie v e ,  and 5 7 percent passed  through a 32 mesh 
s i e v e .
Protein Determ ination
Approximately 2 g of the w ell-m ixed  ground sam ple w as used for 
es t im a tio n  of to ta l n itrogen by routine KJeldahl Gunning-Arnold methods 
CAOAC, 1965). D uplicate  determ inations were made on each  sam ple , 
but in  d ifferent runs in order to minimize e r ro r s . D uplicate  values  tha t 
did not check  w ith in  two percen t were re p e a te d .  The conversion  factor 
of 5 .95  X N w as used  for c a lcu la tin g  crude protein co n ten t.  A nalyses 
are reported a t  1 2  percen t m oisture .
Amino Acid A nalyses
Amino ac id  con ten ts  of 25 s e le c te d  sam ples rep resen ting  various 
v a r ie t ie s  and trea tm ents were determ ined by conventional procedures 
w ith  a Beckman Model 116 Amino Acid A nalyzer. Approximately 200 mg 
of f ine ly  ground r ice  sam ple w as w eighed in to  hydro lysis  tubes  and 
3 ml of 6  N HC1 was ad d ed . The ac id -sa m p le  mixture w as frozen under 
vacuum , thaw ed , and refrozen under vacuum to  remove entrapped  a i r .
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Samples were hydrolyzed under vacuum a t  110 C for 22 hours. 
Hydrolyzed solutions were f il te red , washed with 40 ml 0 ,1  N HC1, 
and evaporated on a rotary evaporator. A few m illiliters of deionized 
water was added three tim es to the residue and re evaporated to remove 
HC1. Samples were then d isso lved  in 2 .2 pH buffer, tightly  s e a le d ,  
and frozen for one month until ana lyzed . Values for iso leuc ine , 
methionine, se rine , th reonine , and valine  were corrected for their 
incomplete hydrolysis or degradative lo ss  during ac id  hydrolysis by 
multiplying by the factors 1 .078 , 1 .034 , 1 .082, 1 .036, and 1 .081, 
respec tive ly  {Kohler and Palter, 1967). Results were expressed  as 
grams amino acid per 16.8 g N.
S ta tis t ica l  Analyses
Data obtained for protein con ten t, amino a c id s ,  grain y ie ld , and 
yield of protein were ana lyzed  by an a ly s is  of variance and linear corre­
lation an a ly s is  (Snedecor, 1956). All comparisons were made a t the 
5 percent level of probability .
RESULTS AND DISCUSSION
Protein Content
Protein contents  of brown and milled rice of Saturn, Dawn, and 
Bluebelle varie ties  as affected  by ra te ,  tim e, and method of nitrogen 
app lica tion  and method of seeding are reported in Tables 2 and 3 and 
in Figures 1 through 6 . Data for protein content, grain yield and 
protein yield of brown and milled rice as a two year average for each  
variety are reported in Tables 4 through 9.
In alm ost every c a s e ,  protein content was increased  by the ad d i­
tion of nitrogen fe r til ize r .  Protein content for milled rice varied from 
5 .67  percent for Dawn variety  receiving 80 pounds nitrogen per acre 
in 1968 to 7 .63 percent for Bluebelle variety  receiving 120 pounds 
nitrogen in 1969. For brown r ic e ,  protein content ranged from 6.64 
percent for Dawn receiving 80 pounds nitrogen per acre in 1968 to 
8.41 percent for Bluebelle receiving 120 pounds nitrogen in 1969. 
Bluebelle variety  generally  showed the h ighest protein values for both 
brown and milled rice in 1968 and 1969, while Dawn varie ty  usually  
had the low est protein v a lu e s .  Adding e ither  80 or 120 pounds nitrogen 
per acre  to the crop generally  increased  protein content more than did 
any of the other treatm ents u sed , although Increases were not always 
co n s is te n t .  Saturn varie ty  was e sp ec ia lly  responsive to  nitrogen with
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in c rease s  resulting from both 80 and 1 2 0  pound nitrogen r a te s ,  with the 
exception  of one ca se  where no Increase  was no ted . There was much 
le ss  e ffec t of nitrogen rate on protein content of Dawn and Bluebelle 
milled r ic e .  The milling process appeared to  remove much of the 
inc reased  protein tha t resu lted  from nitrogen fertiliza tion , indicating 
tha t much of the increased  protein was present in the outer layers .  
Other investiga to rs  have found that the degree of milling is  an impor­
tan t factor in determining protein lo ss  in the rice kernel (Kymal, 19 55; 
Hogan et a l . ,  1964; H ouston, e t a l . ,  1968).
Results from th is  investiga tion  confirmed that protein content 
varies widely from year to year. W ithout excep tion , protein content 
for comparable treatm ents of a l l  v a r ie ties  was higher in 1969 than in 
1968 (Table 2), often a s  g reat a s  one percent or more. The effect of 
year w as so marked that r ice from plots receiving no nitrogen in 1969 
had higher protein contents than the high nitrogen treatm ents in 1968.
Kymal (1955) found that protein content of rice varied from year 
to year when the same variety  was grown a t  the same location .
Juliano and a s s o c ia te s  (1964) have shown a difference of 4 percent 
protein in the same rice p lanted in different se a so n s .
Two v a r ie t ie s ,  Saturn and Dawn, were planted by both w ater- 
seeded  and d r i l l - see d ed  m ethods. Bluebelle variety was w ate r-seeded  
only. For Saturn, li t t le  or no difference in protein content of brown or 
milled r ice  resu lted  from different methods of planting (Table 3).
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T ab le  2
Protein content of brown and milled Saturn, 
Dawn and Bluebelle rice a s  affected  by 
rate of nitrogen in 1968 and 1969
SATURN
Brown Milled^
LEVEL OF NITROGEN 1968 1969 1968 1969
0 N 6 .4 9 a 7 .59a 6 .0 9 a 6 .53a
80 N -Q
too*r- 8 . 0 1 b 6 .0 4 a 7 - 2 1  b
120 N 7 .2 7 b 8 .3 0 c 6 . 37fa 7 .2 7 b
Brown
1968
DAWN
1
1969
Milled
1968
, 2
1969
0 N 6 . 5 l a 7.30a 5 .84b 0 •94a b
80 N 6 . 64a b 7.34ab 5 .67a 6 .83a
1 2 0 N 7.01b 7.67b 5 . 89b 7.11b
Brown
1968
BLUEBELLE 
1 Milled 
1969 1968
2
1969
0 N 6 .72a 7 .77a 6.43b 6.84a
80 N 6.70a 8  ■ 14a b 5 .9 5 a 7 -33a b
120 N 7 .32a 8 .41b 6-14ab 7.63b
* W ater-seeded  and d r i l le d -se ed ed  treatm ent
^W ater-seeded  treatm ent only
V alues fo llo w ed  by th e  sam e  le t t e r  do n o t d if fe r  s ig n if ic a n t ly  a t  th e
5 p e rc e n t le v e l  of p ro b a b i l i ty .
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T able  3
P ro te in  c o n te n t o f S a tu rn , D aw n a n d  B luebe lle  r ic e
a s  a f fe c te d  by e n v iro n m e n ta l v a r ia b le s
TREATMENT
Saturn 
Brown Milled
Dawn 
Brown M illed
Bluebelle 
Brown M illed
0 N 7 .0 4 a 6  * 41a 6 .9 1 a 6 .32a 7 .25a 6 .64a
80 lb N 7 . 53b 6 .8 4 ab 6 .9 7 a 6 . i 8 a 7 .42a 6 .6 2 a
120 lb N 7 .7 8 b 7 . i 2 b 7 .3 4 a 6 .41a 7.87a 6 .8 9 a
(Tj) All N applied 
pre p lan t 1 7.83a 7 .13a 7 . 13a 6 . 30a 8 . 0 1 a 7.25a
(T3 ) All N prior to 
f irs t  flood 1 7.47a 6 .89a 7.03a 6 .3 la 7 .46a 6 . 7 lab
(Tg) Half N a t  f irs t  flood,
half a t  f irs t jo in t 1  7 .44a 6 . 80a 7 .00a 6 . 2 1 a 7.19b 6.42b
(Tg) Half N a t  f irs t flood, 
half a t  2  mm 
p a n ic le 1 7 .88a 7 .10a 7 .44b 6 . 35a 7.91a 6 . 65ab
W ater-seeded 7 .62a 7 .17a 7 .34a 6 .98a - -
D rill-seeded 7 .45a 7.26a 6 . 8 6 b 6 . 1 2 b - -
1968 crop 7 .02a 6 . 2 2 a 6 .7 4 a 5 .80a 7 .00a 6 . 1 2 a
1969 crop 8 . 05b 7 .1 2 b 7 .4 7 b 6 .9 8 b 8 . 28b 7 ■ 34b
Values are averages for 1968 and 1969.
*80 lb N and 120 lb N treatm ents only.
V alues fo llo w ed  by th e  sam e  le t t e r  d o  n o t d if fe r  s ig n if ic a n t ly  (5%).
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W a te r-see d in g , however, caused  a s ign ifican tly  greater protein content 
in both brown and milled Dawn r ic e .  Higher protein content was a s s o ­
cia ted  with lower grain yield  in w ater-seed ing  plantings .
Time and method of app lica tion  of nitrogen influenced protein 
content of Saturn (Tables 4 and 5 and Figures 1 and 2). For milled 
Saturn r ice ,  applying a ll  the fertilizer a t  seeding (Tj) was s ta t is t ic a l ly  
superior to other app lica tion  treatm ents in 1969. For brown Saturn 
rice , both treatm ents Tj and Tg (half the nitrogen applied a t seed ing , 
other half applied la te in the season  when panicle was 2  mm long) 
appeared s ligh tly  superior to the other two trea tm ents, however the 
difference was not s ta t is t ic a l ly  s ign ifican t. Differences in protein 
content of Dawn for the various nitrogen timing treatm ents are shown 
in Tables 6  and 7 and Figures 3 and 4 . Protein was significantly  higher 
in brown rice for the late season  app lica tion  (Tg), e spec ia lly  in 1968, 
but the milling process removed most of the increased  protein. For 
Bluebelle, app lica tion  of nitrogen a t  seeding (T^) produced a higher 
protein content than did the other treatm ents (Tables 8  and 9 and 
Figures 5 and 6 ), Increase in protein content was s ta t is t ic a l ly  s ig n i­
ficant for milled rice and approached significance for brown rice .
When a l l  three varie ties  were considered , i t  was evident tha t more 
protein was found in the grain where a l l  the nitrogen was applied  a t  
seeding (T i) , or where half the nitrogen was applied  la te in the season  
a t  the 2 mm panicle stage (Tg). Late season  app lica tion  of nitrogen
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T ab le  4
P ro te in  c o n te n t ,  g ra in  y ie ld  a n d  p ro te in  y ie ld
o f  S a tu rn  brow n r ic e  a s  a f f e c te d  by
e n v iro n m e n ta l  v a r ia b le s
TREATMENT
Percent
protein
%
Grain
yield
lb /a c re
Protein
yield
lb /a c re
0 N 7 .0 4 a 3040a 172a
80 lb N 7 .53b 4950b 286b
120 lb N 7 .78b 5190b 320b
(Tj) All N app lied  p rep lan t 1 7 .83a 5290a 319a
(T3 ) All N prior to  f i rs t  flood* 7 • 47a 4940a 292a
(Tg) Half N a t  f irs t  flood, 
ha lf  a t  f irs t  jo in t -1 7 .44a 5010a 296a
(T9 ) Half N a t  f irs t  f lood , 
ha lf  a t  2  mm panicle* 7 .88a 5060a 306a
W ater-seeded 7 .62a 4110a 272a
D rill-seeded 7 .45a 5070b 305a
1968 crop 7 .02a 5230a 302a
1969 crop 8  .05b 4 1 10b 275a
*80 lb N and 120 lb N trea tm en ts  only .
Values a re  av e rag es  for 1968 and 1969.
V alu es fo llo w e d  by  th e  sam e l e t t e r  d o  n o t d if fe r  s ig n i f ic a n t ly  a t  th e
5 p e rc e n t  le v e l  o f p ro b a b i l i ty .
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T able  5
P ro te in  c o n te n t,  g ra in  y ie ld  an d  p ro te in  y ie ld
of S a tu rn  m illed  r ic e  a s  a f fe c te d  by
e n v iro n m e n ta l v a r ia b le s
TREATMENT
Protein 
con tent
%
Grain
yield
lb /acre
Protein
yield
lb /acre
0 N 6 . 4 la 3040a 142a
80 lb N 0 • 84a b 4950b 224b
120 lb N 7.12b 5190b 243b
(Ti) All N applied  p rep lan t 1 7.13a 5290a 253a
(T3) All N prior to f irs t flood * 6 .8 9 a 4940a 2 2 2 a
(T6) Half N a t  f irs t flood, 
half a t  f irs t Jo in t 1 6 .8 0 a 5010a 2 2 2 a
(T9) Half N a t  f irs t flood, 
half a t  2  mm p an ic le 1 7 . 1 0 a 5060a 237a
2W ater-seeded 7 .17a 4110a 198a
D rill-seeded 2 7.26a 5070b 246b
1968 crop "1 6 . 2 2 a 5230a 225a
1969 crop 3 7 . i 2 b 4110b (0
G
O
cr>
J80 lb N and 120 lb N treatm ents only.
2 1969 only.
2W ater-seeded  treatm ent only.
V alues a re  a v e ra g e s  fo r 1968 an d  1969 .
V alues fo llo w ed  by  th e  sam e le t t e r  d o  n o t d if fe r  s ig n if ic a n t ly  a t  th e
5 p e rc e n t le v e l  o f p ro b a b il i ty .
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Figure 1. Protein c o n t e n t  of Saturn oroivr. r ice  J j affector: oy rate ana t i n e  of n itrogen  
a p p l i c a t i o n  i e  1968 ana 19ti9.
10
c
*5
i  •
E
I ,
1YDO
r f \r f
1
0 80 120
l_______________________ l
Rate of N
Figure 2 . Protem  c o n t e n t  or Saturn mil lo  
a p p l i c a t i o n  m  1J u3 and 19t>9.
Timing Treatment OJOD
net.; a-j affected by rate and time of nitrogen
39
T ab le  6
P ro te in  c o n te n t ,  g ra in  y ie ld  an d  p ro te in  y ie ld
of D aw n brow n rice  a s  a f fe c te d  by
e n v iro n m e n ta l v a r ia b le s
TREATMENT
Protein
content
%
Grain
yield
lb /ac re
Protein
yield
lb /acre
0 N 6 .91a 2860a 157a
80 lb N 6 .9 7 a 4790b 267b
120 lb N 7 .34a 5180b 302c
(Tj) All N applied  preplant 1 7.13a 5040a 289a
(T3 ) All N prior to f irs t  f lood 1 7.03a 4920a 275a
(Tg) Half N a t  f irs t flood, 
half a t  f irs t jo in t 1 7.00a 5090a 283a
(Tg) Half N a t f irs t flood, 
half a t  2  mm panicle 7 .44b 4890a 290a
W ater-seeded 7 .34a 4450a 269a
D rill-seeded 6 . 8 6 b 4670a 272a
1968 crop 6 . 74a 4930a 2 78a
1969 crop 7.47b 4180b 262a
*80 lb N and 120 lb N treatm ents only.
Values are averages for 1968 and 1969.
Values followed by the same le tte r  do not differ s ignificantly  (5%).
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T able  7
P ro te in  c o n te n t,  g ra in  y ie ld  a n d  p ro te in  y ie ld
of D aw n m illed  r ic e  a s  a f fe c te d  by
e n v iro n m en ta l v a r ia b le s
TREATMENT
Protein
content
%
Grain
yield
lb /acre
Protein
yield
lb /acre
0 N 6.32a 2860a 125a
80 lb N 6.18a 4790b 191b
120 lb N 6.41a 5180b 2 1 1 c
(Tj) Ail N applied  prep lan t 1 6 .30a 5040a 207a
(T^) All N prior to firs t f lood 1 6.31a 4920a 196a
(Tg) Half N a t  f irs t flood, 
half a t  f irs t jo int * 6 . 2 1 a 5090a 2 0 1  a
(T9 ) Half N a t f irs t flood, 
half a t  2 mm panicle * 6 .35a 4890a 2 0 1 a
2W ater-seeded 6 .9 8 a 4450a 194a
D ril l-seed ed 2 6 . 1 2 b 4670a 189a
1968 crop"* 5 . 80a 4930a 194a
1969 crop"* 6.98b 4180b 194a
180 lb N and 120 lb N treatm ents only.
2 1969 only.
^W ater-seeded  treatm ent o n ly .
Values are averages for 1968 and 1969.
V alues fo llo w ed  by th e  sam e le t te r  do  no t d if fe r  s ig n if ic a n t ly  a t  th e
5 p e rc e n t le v e l  o f p ro b a b il i ty .
Percent Protein
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T able 8
P ro te in  c o n te n t ,  g ra in  y ie ld  and  p ro te in  y ie ld
of B luebelle  brow n r ic e  a s  a f fe c te d  by
e n v iro n m en ta l v a r ia b le s
TREATMENT
Protein
content
%
Grain
yield
lb /acre
Protein
yield
lb /acre
0  N 7.25a 3 2 9 0 a 1 8 4 a
8 0  lb N 7 . 4 2 a 4 6 5 0 b 2 7 3 b
1 2 0  lb N 7 . 8 7 a 5 1 8 0 b 3 0 9 b
(Tj) All N applied p rep lan t 1 8 . 0 1 a 4 4 5 0 a 2 7 8 a
(T3 ) All N prior to f irs t f lood 1 7 . 4 6 a 5 0 4 0 a 3 0 0 a
(Tg) Half N at f irs t flood, 
half a t  f irs t jo in t 7 . 1 9 b 4 8 3 0 a 2 7 8 a
( T g )  Half N a t f irs t  flood, 
half a t  2 mm p an ic le 1 7 . 9 1 a 4 8 6 0 a 3 0 8 a
1 9 6 8  crop 7 . 0 0 a 4 7 2 0 a 2 7 3  a
1 9 6 9  crop 8  .28b 4 2 7 0 a 2 8 5 a
*80 lb N and 12 0 lb N treatm ents only.
All plots w ate r-seeded
Values are averages for 1968 and 1969.
Values followed by the same le tter do not differ s ignificantly  a t  the 
5 percent level of probability .
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T ab le  9
P ro te in  c o n te n t,  g ra in  y ie ld  a n d  p ro te in  y ie ld
of Blue be lie  m ille d  r ic e  a s  a f fe c te d  by
e n v iro n m en ta l v a r ia b le s
TREATMENT
Protein
content
%
Grain
yield
lb /acre
Protein
yield
lb /acre
0 N 6 .64a 3290a 149a
80 lb N 6 . 62a 4650b 215b
120 lb N 6 . 89a 5180b 238b
(Tj) All N applied  p rep lan t 1 7 . 25a 4450a 2 2 1 a
(T3 ) All N prior to f irs t flood 1 6 .7 l a b 5040a 238a
(Tg) Half N a t  f irs t flood, 
half N a t  f irs t Joint1 6 .4 2 b 4830a 219a
(Tg) Half N a t f irs t  flood, 
half a t  2  mm p an ic le 1 6  • 6 Sab 4860a 228a
1968 crop 6 . 1 2 a 4720a 2 1 0 a
1969 crop 7 • 34b 42 70a 226a
*80 lb N and 120 lb N treatm ents only.
Values are  averages for 1968 and 1969.
Values followed by the same le tte r  do not differ s ignificantly  a t  the 
5 percent level of probability .
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has been suggested  a s  a means of inc reasing  protein content of the 
grain , but little  experim ental verification  of th is  effect is  av a ilab le . 
Kik and Hall (1961) showed in a greenhouse experiment with one 
sample tha t late season  app lica tion  of nitrogen inc reased  the protein 
content of the grain a s  compared to ea rlie r  app lica tion .
Protein content of milled rice  w as highly correlated  with protein 
content of brown rice (Figure 7), although the correlation coeffic ient 
(r= +0.827) was not a s  high a s  has been reported by some other 
in v e s tig a to rs .  Because of the c lose  a s so c ia tio n  found between protein 
contents of brown and milled r ice ,  some investiga tors  use  only brown 
rice for evaluating  protein content (Juliano, 1968).
Grain Yields
Grain y ie lds for the three varie ties  a s  affected  by the various 
treatm ents are shown in Tables 4 through 9 . As expected , the addition 
of nitrogen produced large in c re ase s  in yield with the biggest increase  
coming from the app lica tion  of 80 pounds of nitrogen. An additional 
yield inc rease  u sua lly  resu lted  from the 120 pound app lica tion . D if­
ferences in grain yield due to  different timing app lica tions of nitrogen 
were not s ign ifican tly  different for individual v a r ie t ie s .  The larger 
field experiment from which th ese  sam ples were taken , however, con­
tained severa l o ther trea tm en ts . When th ese  other treatm ents were 
cons idered , there were s ign if ican t d ifferences in yield a s  a re su lt  of 
nitrogen tim in g , with the treatm ent receiv ing  nitrogen a t  seeding
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Figure 7 .  R e la t io n s h ip  b e t w e e n  prote in  c o n t e n t  ot brown and m i l led  
r i c e .
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producing higher yields than most of the top -d ress  treatm ents (Wilson 
and Peterson, 1969).
These resu lts  are in agreement with the findings of Patrick and 
a s s o c ia te s  (1967) who concluded th a t  the b es t u til iza tion  of applied 
nitrogen and h ighest yields of rice were obtained when a l l  nitrogen 
was applied  severa l inches deep a t  seeding rather than from top -d ress  
a p p l ic a t io n s .
Grain yields were lower and protein contents higher in 1969 than 
in 1968. Although the reason  for higher protein content in 1969 is not 
defin ite ly  known, it is likely  that the re la tively  adverse environmental 
conditions in 1969 had a pronounced effect on both yield  of r ice and 
protein content. The yield of rice w as higher in 1969 than in 1968, 
resu lting  in there being little  difference in per acre yield of protein in 
the two y e a r s . The cool growing season  and increased  in se c t  damage 
caused  a lim itation on yield in 1969, and resu lted  in nitrogen being 
present in the plant in a larger concentration than was needed. In 
1968, the extra nitrogen was u tilized  in grain production and c o n se ­
quently did not show up in increased  protein conten t.
When a ll varie ties  and treatm ents were considered separa te ly , 
no general re la tionsh ip  w as shown between grain yield and protein 
con ten t. Saturn milled rice in 1969 showed a highly significant 
correlation coefficient (r= +0.706) between grain yield and protein 
content (Figure 8 ) ,  This was not a typ ical response and occurred only 
in 1969 when y ie lds  were generally  low. However, the correlation for
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Figure 8.  R e la t io n sh ip  of pro te in  c o n te n t  to  g ra in  y ie ld  of 
Sa turn  mil led  n e e  in 1969 .
Saturn in 1968 was a lso  positive and approached s ign if icance . 
Apparently, Saturn may be quite different from most other varie ties  
and responds to  increased  nitrogen supply by both an inc rease  in yield 
and an increase  in protein con ten t. Because of the prevalent belief 
th a t protein content and grain yield are inverse ly  re la ted , there was 
concern a t  IRRI tha t the high yield of the recently  developed IR8  
varie ty  might be obtained a t  the sacrifice  of protein con ten t. Analyses 
of 1R8 and trad itiona l v a r ie tie s  grown in the Institu te  (IRRI, 1968) 
indicated  that even  with i ts  much higher yields IR8  had a protein level 
comparable to th a t  of trad itional v a r ie t ie s .
Protein Yield
Protein y ie lds  for brown and milled rice of Saturn, Dawn, and 
Bluebelle v a r ie tie s  were markedly inc reased  with each  increment of 
app lied  nitrogen (Tables 4 to 9). For Saturn and Bluebelle, protein 
y ie lds were s ign ifican tly  grea ter  with the 80 pound rate of n itrogen.
The 120 pound ra te  brought an  add itiona l, although non -s ign if ican t 
protein yield in c re a se .  For Dawn, protein yield was significantly  
increased  by both levels  of nitrogen. Timing of nitrogen app lica tion  
had no s ign ifican t e ffec t on p ro te in  yield for any varie ty .
Although protein y ie lds  of d r i l l - se e d e d  Saturn brown and milled 
rice were higher than for w a te r-se e d ed ,  only the protein yield of milled 
rice w as sign ifican tly  h igher. Little or no difference in protein yield
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w as noted due to method of planting Dawn r i c e . Protein yield of 
milled rice for a l l  va rie ties  w as markedly le s s  than protein yield of 
brown rice due primarily to milling l o s s .
Effect of seaso n  cau sed  lit tle  difference in protein y ie ld . As 
ind ica ted  previously , percent protein in the 1969 rice was much higher 
than tha t in 1968, however there was little  or no difference in yield of 
protein for the two y^ars . In most c a se s  where grain y ie lds were 
higher, protein content was lower, thus giving a fairly constan t protein 
y ie ld .
Amino Acid Analyses
Data for 16 amino a c id s  and ammonia found in 25 rice sam ples 
se le c te d  from three varie ties  studied are reported in Tables 10 through 
13. Samples rep resen t both brown and milled r ice ,  and were se lec ted  
to  show the effect of v ar ie ty , year, and rate and time of nitrogen ap p li­
cation on amino ac id  com position . Amino a c id s  are reported as  ac tual 
nitrogen recovery. Nitrogen recovered accounted for 73.3 to 99.2 
percent of to ta l protein nitrogen. Most values  ranged from 75 to 8 8  
percen t. Tryptophan w as not inc luded . Considerable variation in 
nitrogen recovery has been reported, and the  recovery values in th is  
study were not co n s is ten tly  as  high a s  was reported by Houston e t  a l .  
(1969).
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T ab le  10
Amino a c i d  c o m p o s it io n  of S a tu rn  m illed  r ic e
(g am ino  a c id  pe r  1 6 .8  g N)
AMINO ACIDS
1968 1969
0-N
W 5 . 1
80-N
* 1
w . s
120-N 
Tl 
. W .S .
120-N
t 9
W .S .
120-N
Tl
W .S .
120-N
JT tJ- 6
w . s .
120-N
Tl 2  D .S . 2
Lysine 3.23 3.38 3.04 3.33 3 .43 3.22 3.35
Histid ine 2.51 2.95 2.33 2.61 2.85 2 .60 2  . 6 8
Ammonia 1.45 1 . 8 8 1.51 1.56 1.64 1.76 1 . 8 8
Arginine 7.45 4 .47 7.28 8 . 2 0 7.83 5 .88 7.99
Aspartic Acid 6.92 7.08 7.18 7.47 7.38 7.55 8 . 72
Threonine 2  . 6 8 3 .39 3.14 2 .78 1.89 3.34 3 . 77
Serine 4.12 4.37 4.27 4.51 2  .80 4,64 5 .42
Glutamic Acid 9 .54 13.92 13.33 12 .93 11. 63 13.52 17. 30
Proline 3 .60 3.55 3. 74 3.68 3. 75 3.63 4. 64
Glycine 3.81 4.04 3.93 4.21 3.94 4.03 4.93
Alanine 4 .28 4 .38 4.46 4.68 4.59 3.66 5 .63
Valine 4.44 5.25 5.08 5.29 5.49 5.16 6 . 70
Methionine 1 . 6 6 2.32 1.76 2 .71 2 . 2 1 1.80 2 .27
Isoleucine 3.15 3.59 3.27 3 .45 3.56 3.47 4 .47
Leucine 5.85 6.28 5.90 6 . 2 2 2.55 6.06 7.65
Tyrosine 1.61 1 . 8 6 1.44 2 .44 1.90 1.75 2 .67
Phenylalanine 3 .50 3 .56 3.32 3 .77 3.96 2.96 4 .38
% N Recovered 73.3 8 0 . 1 78.8 83.9 75.0 78.8 99 .2
% Crude Protein 6.07 6.14 6 . 6 8 6.23 7.76 7.19 7 .44
* W a te r -se e d e d . 
2 D rill-seed ed .
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T ab le  11
Amino a c i d  c o m p o s it io n  of B luebe lle  m illed  r ic e
(g am ino  a c id  per 1 6 .8  g N)
AMINO ACIDS
1968 1969
0-N
W .S .
80-N
Tl
W .S .
120-N
Tl
W .S .
120-N
t 6
W .S .
120-N
T9
W .S .
120-N
Tl
W .S .
120-N
Tg
W .S .
Lysine 3.35 3.40 2 .95 3.19 3.21 3.00 2.49
Histidine 2 . 6 6 2 .46 2.31 2.40 3 .03 2.37 1.99
Ammonia 1.91 2 .1 8 1 . 8 6 1 . 8 8 1.91 1.60 1 . 6 6
Arginine 8.14 7.27 6.42 7.07 8.24 7.42 5.12
Aspartic Acid 7.79 7.92 6.81 6.87 8.25 7.95 6.78
Threonine 3 .55 3 .30 2 .98 2.96 3 .56 3.53 2 .96
Serine 5.12 4 .2 0 3.75 3.96 4.36 4.70 4.11
Glutamic Acid 9.81 14.03 12.85 12.85 14.23 14.98 13.18
Proline 3.82 4 .04 3.56 3.64 4.04 3.78 3 . 6 6
Glycine 4 .42 4.05 3.69 3.71 5.38 4 .02 3.89
Alanine 4.83 4 .5 6 4 .14 4.11 5.04 4.52 4.42
Valine 5 .57 5.35 5.14 5.07 5.77 5.50 4.99
Methionine 2 .57 1.91 1.55 1.80 2 . 1 2 2.04 1.39
Isoleucine 3.52 3 .60 3.35 3 .46 3 .56 3.63 3.40
Leucine 6.35 5.95 5.53 5.78 6.35 6.25 5.71
Tyrosine 2 .37 1.25 0.92 1 . 2 0 1.38 2.09 1.17
Phenylalanine 3 .86 3.42 3.31 3.40 3.69 3.68 3.16
% N Recovered 83 .7 82 .9 74.7 77.1 88.4 85.1 73.4
% Crude Protein 6.39 6 . 1 1 6.62 5 .80 5.97 8.35 7.51
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T ab le  12
Amino a c id  c o m p o s it io n  of Saturn  and
B lu eb e lle  brown r ice
(g am in o  a c id  pe r  1 6 .8  g N)
AMINO ACIDS
SATURN - 1968 BLUEBELLE
0-N
W.S,
120-N
Tl
W .S.
120-N
T 1
D .S.*
O N
W .S.
1968
120-N
Tl
w . s .
1968
120-N
Tl
w . s .
1969**
Lysine 3.90 3.63 3 .44 3.50 3 .25 3.29
Histidine 2.90 2.81 2 .64 2.45 2.45 2.69
Ammonia 1.74 1.80 1.70 1.64 3.12 1.73
Arginine 7.72 7.82 7.33 7.28 6.98 8.04
Aspartic Acid 7.79 7.86 7.40 7.58 7.01 7 .20
Threonine 3.30 3.58 3.05 3.27 4.96 2.51
Serine 4.58 5 .00 3.28 4.23 4.22 4.12
Glutamic Acid 12.75 15.26 12.38 12.43 13 .53 12.95
Pro line 4 .40 3.95 3.59 3.64 3.49 3.65
Glycine 4.42 4.51 4.19 4.38 3 .94 4.13
Alanine 4.80 5.07 4 .60 4.93 4.35 4.61
Valine 5.21 5.55 5.73 5.64 5.18 5.21
Methionine 1.89 1.79 1.84 1.72 1.94 1.93
Isoleucine 3 .37 3.44 3.55 3.31 3.41 3.29
Leucine 5.98 6 . 2 2 5 . 8 8 6 . 0 1 5 .78 6 . 0 1
Tyrosine 1.52 1.34 2.05 1.89 1.42 2.07
Phenyla la nine 3.44 3.73 3.57 3.55 3 .26 3.14
% N Recovered 83.7 87.6 8 0 .6 81.4 82.2 80.4
% Crude Protein 6.45 7.86 6.79 6 . 8 6 7.19 8.33
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Table 13
Amino a c id  c o m p o s i t io n  of D aw n .rice
(g am in o  a c id  per 1 6 .8  g N)
AMINO ACIDS
1968 1969
Milled Brown Milled
O-N
W .S .
120-N
Tg
w . s .
0-N
w . s .
0-N
W .S .
120-N
T9
w . s .
Lysine 3 .40 3.28 3.26 2.94 3 . 2 4
Histid ine 2.51 2.57 2 .59 2.16 2  .60
Ammonia 1 .9 i 1.78 1.56 2.16 1.83
Arginine 7.90 7,19 7.44 6 . 62 7.78
Aspartic Acid 8 . 0 0 7. 10 7.56 - 8.31
Threonine 3.21 3.11 3.38 - 3.64
Serine 4 .44 4 .26 4.27 - 4.62
Glutamic Acid 14.93 13. 14 14.12 - 14. 17
Pro line 3.42 3 .76 3.53 3.44 3.94
Glycine 4 .08 3.93 4.15 3 . 6 8 4.38
Alanine 4 .13 4 .74 4.32 3.88 4.93
Valine 5.61 5.39 6 . 0 1 5.31 5 .77
Methionine 2 .30 2.05 2.03 2.27 2.32
Iso leuc ine 4.02 3.58 3.71 4. 17 3.96
Leucine 7.00 6.50 6.74 7.26 6.80
Tyrosine 2 .34 1.42 1.61 1.85 2 .23
Phenylalanine 4 .78 3.77 4 .06 4.37 3.84
% N Recovered 8 8 . 2 81 .4 84 .4 - 89.1
% Crude Protein 5 .84 5.81 6.74 7.02 7.21
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Although some varia tion  in amino acid content was ev iden t,
there did not appear to  be a marked effect of varie ty , ra te  of n itrogen,
«
time of nitrogen ap p lica tio n , or method of seeding on amino ac id  
con ten t, even though there were considerable  d ifferences in the 
protein con ten t.
These resu lts  are in agreement with those obtained by Houston 
e t  a l .  (1969) who found tha t desp ite  a 60 percent variation in protein 
con ten t, there w as re la tively  little  varia tion  in amino acid  content of 
milled r i c e s .
Effect of Nitrogen
In g enera l,  inc reased  levels of nitrogen fe r tilizer  did not increase  
lysine content (Table 14 and Figure 9). Actually, in  most c a s e s ,  
lysine content w as lower where 1 2 0  pounds nitrogen w as app lied . 
Threonine showed a response  sim ilar to ly s in e . Glutamic a c id ,  on 
the other hand, was usually  considerably  higher with inc reased  nitrogen 
fe rtiliza tion .
Effect of Milling
There was a considerable  lo ss  of crude protein during the milling 
p ro c e s s . Because of the heterogeneous d istribu tion  of the proteins in 
the rice kernel, with th is  lo ss  of protein there was a l s o  a corresponding 
loss  of ce rta in  amino ac id s  (Tables 15 and 16). Not only did the outer 
layers of the rice kernel contain higher percen tages of protein , but the
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T ab le  14
Amino ac id  content of comparable rice sam ples a s  
a ffec ted  by rate  and time of nitrogen 
application^ (g amino ac id  per 16.8 g N)
AMINO ACIDS 0-N 80-N , T: 120-N, 120-N, Tg
Lysine 3 .29 3.39 3 .00 3.27
Histid ine 2 .59 2.71 2.31 2  .82
Arginine 7 .80 5 .87 6.85 8 . 2 2
Aspartic Acid 7 .36 7.50 7.00 7.86
Threonine 3. 12 3 .35 3 .06 3.17
Serine 4 .62 4.29 4.01 4 .44
Glutamic Acid 9 .70 13.98 13.09 13.58
Proline 3.71 3 .80 3.65 3.86
Glycine 4.12 4 .05 3.81 4 .80
Alanine 4 .5 6 4 .47 4.30 4 .86
Valine 5.01 5.30 5.11 5.53
Methionine 2 . 1 2 2 . 1 2 1 . 6 6 2.42
Isoleucine 3.34 3 .60 3.31 3.51
Leucine 6 . 1 0 6 . 1 2 5.72 6.29
Tyrosine 1.99 1.56 1.18 1.91
Phenylalanine 3 .65 3 .49 3.32 3.73
Crude Protein 6.23 6 .13 6.65 6 . 1 0
^Data used  are averages  of the following treatm ents used in comparison: 
Saturn m illed, w a te r-se e d e d ,  1968 and Bluebelle m illed , w a te r-seed ed , 
1968.
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Figure 9 .  Lysine and threonine contents  of n e e  a s  a f f ec ted  by various  treatm ents .
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T able  15
Average amino ac id  composition of protein for 
18 sam ples of milled rice and 
7 sam ples of brown rice 
(g amino ac id  per 16.8 g N)
AMINO ACID MILLED BROWN
Lysine 3.19 - 0.228 3 .46 * 0.219
Histidine 2 .53 ± 0.253 2 .65 ± 0.157
Ammonia 1.76 ± 0.182 1.90 - 0 ,504
Arginine 7.13 ± 1 .0 4 7.52 ± 0 .336
Aspartic Acid 7.53 ± 0.573 7.49 ± 0.283
Threonine 3 .16 ± 0.438 3.44 ± 0.697
Serine 4 .33 ± 0.548 4.32 ± 0.347
Glutamic Acid 13.52 ± 1 .6 0 13 .35 ± 0.970
Pro line 3 .77 ± 0.278 3.75 ± 0.299
Glycine 4.12 t  0 .424 4 .25 ± 0.184
Alanine 4 .50 ± 0 .444 4 .67 ± 0.261
Valine 5 .38 ± 0.442 5 .50 ± 0.294
Methionine 2 .05 ± 0.342 1 . 8 8 ± 0.096
Iso leucine 3.62 ± 0 .3 2 2 3.44 ± 0 .136
Leucine 6 . 1 1 ± 1 . 0 2 6.09 ± 0.294
Tyrosine 1.77 ± 0.493 1.70 t  0 .279
Phenylalanine 3.71 ± 0 .4 4 5 3.55 ± 0.282
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T ab le  16
Amino a c id  c o n te n t  o f  co m p arab le  sa m p le s  of
brown a n d  m illed  r i c e 1
(g am in o  a c id  p e r  1 6 .8  g N)
AMINO ACIDS BROWN MILLED Mean difference
Lysine 3 .57 3 .14 S
Histidine 2 .65 2 ,45 NS
Arginine 7.45 7.32 NS
Aspartic Acid 7 .56 7.18 NS
Threonine 3.78 3.09 NS
Serine 4 .51 4.32 NS
Glutamic Acid 13.49 11.38 NS
Proline 3.87 3 .68 NS
Glycine 4.31 3 .96 NS
Alanine 4.83 4.43 NS
Valine 5.15 5.06 NS
Methionine 1.84 1.89 NS
Isoleucine 3 .38 3.32 NS
Leucine 6 . 0 0 5.91 NS
Tyrosine 1.54 1.59 NS
Phenyla la nine 3 .50 3 .50 NS
% Crude Protein 7.09 6.44
1Data used  are averages of the following trea tm ents: Saturn, w ater- 
seed ed , 0-N , 1968; Bluebelle, w a te r-se ed e d ,  0 -N , 1968; Saturn, 
w a te r - s e e d e d , 120-N T i ,  1968; Bluebelle, w a te r-se e d e d ,  120-N T j .
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protein a lso  contained higher percentages of the w ater-so lub le  albumin 
than did the milled kernel. As the protein fraction albumin is reported 
re la tively  high in ly s ine , it  would be expected that to ta l protein in the 
outer layers would contain a higher percentage of lysine than does the 
predominant protein , g lu te lin , found largely in the endosperm (Jullano, 
1966; Cagampang, 1966; Houston e t al_. , 1968).
In th is  Investigation , contents of both lysine and threonine, 
f irs t and second limiting amino a c id s ,  resp ec tiv e ly , in r ice , were 
markedly reduced during the milling process (Figure 9). Houston e t  a l .  
(1969) found similar resu lts  for lysine content of C alrose , a California 
short-g ra in  r ic e .  Table 15 shows the average values for amino acid 
contents of 18 sam ples of milled and 7 samples of brown r ice .
Average contents of ly s in e , h is t id ine , arg in ine , threonine, g lycine, 
and valine decreased  upon milling.
Effect o£ Year
There was a large and co n s is ten t protein increase  in 1969 com­
pared to 1968 (Tables 2 and 17). Amino acid contents  were a lso  
generally  greater In 1969 (Table 17). Based on re la tive ly  few sam ples , 
a spartic  a c id ,  v a l in e ,  and tyrosine were significantly  higher in 1969, 
and the difference in severa l o thers , including ly s ine , approached 
s ig n if ic a n c e . Threonine w as one of the few amino ac id s  tha t showed 
li t t le  or no difference between years (Figure 9).
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Table  17
Amino ac id  content of comparable milled 
rice sam ples in 1968 and 19691 
(g amino ac id  per 16.8 g N)
AMINO ACIDS 1968 1969 Mean difference
Lysine 3.09 3 .22 NS2
Histidine 2 .40 2.61 NS
Arginine 6.96 7.68 NS
Aspartic Acid 7.03 7.88 S3
Threonine 3.08 3.02 NS
Serine 4 .10 4.04 NS
Glutamic Acid 13.11 13.59 NS
Pro line 3. 69 3.82 NS
Glycine 3 .85 4.11 NS
Alanine 4.45 4 .68 NS
Valine 5 .20 5.59 S
Methionine 1.79 2 .19 NS
I s ole u cine 3 .40 3.72 NS
Leucine 5 .90 5 .20 NS
Tyrosine 1.26 2 .07 S
Phenylaline 3.47 3.83 NS
% Crude Protein 6.37 7.77 S
1  Treatments used  in  comparison were: Saturn milled, w a te r-seed ed , 
120-N, Tj; Bluebelle m illed, w a te r-se ed ed , 120-N, T^; Dawn milled, 
w ater-seeded , 120-N, T9
2Mean difference nonsignificant.
3Mean difference s ign ifican t.
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Relationship of Amino Acids to  Protein Content
The re la tionsh ip  between amino acid and protein content was 
s tudied for 25 sam p les . Correlation coeffic ien ts  between each  of 
the amino ac ids  and protein content were determ ined, but no sign ifican t 
rela tionsh ip  was observed.
Although not s ta t is t ic a l ly  s ign if ican t,  a dec rease  in lysine  
content accom panied an increase  in protein content for both milled 
and brown r ic e .  H istidine and leucine followed the same pattern .
There was a tendency for threonine, glutamic a c id ,  v a l in e , iso leu c in e , 
and tyrosine to inc rease  a s  the protein content in c re a se d .  Several 
investiga to rs  (Kymal, 1955; Juliano e t  a ± . , 1964; Caqampang e t  a l . . 
1966; Houston e t  a l . , 1969) have reported significant d ec re a se s  in 
lysine content a s  protein content in c reased . In an ex tensive study of 
rice protein and amino ac id  composition of high and low protein rices 
conducted a t  the In ternational Rice Research Institu te  (IRRI, 1969), 
protein of rice sam ples differed only in their lysine con ten t. It should 
be kept in mind th a t  even though the amino acid  content of to ta l protein 
d ec re ase s  with an inc rease  in protein content, the amount of the 
amino ac id  per unit w eight of grain usually  shows a ne t increase  a s  a 
resu lt  of the overall inc rease  in  protein con ten t. Such was the c a se  
in th is study where there were defin ite  d ifferences in protein content 
due to severa l of the treatm ents (timing of nitrogen app lica tion  and
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year), but no s ign ifican t decrease  in lysine content of the protein as  a 
resu lt of th e se  tre a tm en ts .
Values for amino ac id s  obtained in th is  study are within the range 
of amino ac id  va lues  reported by other investiga to rs  using both au to ­
matic an a ly se s  and microbiological methods of a s s a y  (Table 18). Only 
the value for phenylalanine was lower than the range of values reported.
Complete agreement cannot be expected  because of the many 
different variab les involved in separate  in v es tiga tions . A few of the 
factors causing varia tion  in amino ac id  composition are differences in 
v a r ie tie s ,  loca tion , year, degree of milling, cultural p rac tices  (such 
as  fe r tiliza tion ), and other environmental conditions (Kymal, 1955; 
Brandemer and E v an s , 1963; Normand e t a l . , 1966).
Differences in methodology, particularly  of the hydrolysis 
procedure, is  a principal cause  of variation in amino ac id  resu lts  
(Kohler and Palter, 1967; Houston e t  a l . , 1969). There is a real need 
for cooperative research  on an a ly s is  of rice for amino ac id  com position. 
Perhaps a s tandard ized  hydrolysis and automated procedure would 
elim inate many of the questions of differences in methodology and 
make possib le  a more accurate  comparison of resu lts  obtained by 
various in v es tig a to rs .
Table 18
Com parative amino a c id  con ten ts  of m illed  rice
(g amino ac id  per 16 .8  g N)
___________________________________METHOD OF ASSAY___________________________________
________________________ Column chromatography_________________________  Microbiological
FAO This Houston Cagampang Juliano Normand Bandemer Chancel Kik Kymal
AMINO ACID
Pattern
(1963)
Study e t a l .  
(1969)
e t a l .  
19 6 6 ) (1964)
et a l .  
(1966)
and Evans 
_ (1963) (1962) (1969) (1955)
Lysine 4.2 3.2 3 .7 3 .0 -5 .0 4.0 3.7 3.7 3 .4 - 3 . 6 4.8 3 .0 -4 .5
Histidine 2.5 2 .4 2 . 1 - 2 .9 2 . 6 2 . 8 2 . 2 2 . 2 - 2 . 6 2 . 8 -
Arginine 7.1 8.7 7 .0 -9 .4 8.9 9 .0 1 0 . 1 8 .4 -9 .5 8.5 -
Threonine 2 . 8 3.2 3.7 3 .1 - 4 . 6 4 .0 3.8 2 . 6 3 .4 - 3 . 6 5.7 2 .8 -4 .7
Valine 4.2 5.4 6 . 8 3 . 6 - 6 . 6 6 . 2 5.9 4.5 5 .8 - 6 . 6 7.1 6 . 2 - 8 .5
Cystine - 2.7 0 .3 -1 .5 1 . 1 1 . 8 1 . 6 2 . 2 - 2 .5 1.7 -
Methionine 2 . 2 2 . 1 3.0 0 .7 - 2 . 6 2 . 0 - 2 . 2 1 . 2 - 1 .7 3.1 0 .9 -1 .5
Isoleu cine 4.2 3 .6 4 .9 3 .8 -5 .2 4.7 4.1 2.9 4 .0 -4 .5 5.7 3 .4 -5 .4
Leucine 4.8 6 . 1 8.4- 7 .0 - 9 . 8 9.5 8.4 7.1 8 .3 -9 .0 9.9 3 .1 -1 0 .5
Tryptophan 1.4 - - 1 . 0 - 1 .5 - 1.4 - - 2.4 1 .6 -3 .0
Phenylalanine 2 . 8 3.7 5.5 4 .6 -7 .1 6 . 1 5.4 4.5 5 .2 -5 .7 4.5 3 .9 -6 .7
% Crude Protein 5 .7 -7 .6 6 .2 -14 .3  
(dry wt)
7.0 5 .8 -8 .9
SUMMARY AND CONCLUSIONS
Protein and amino ac id  conten ts  of three rice v ar ie ties  a s  
affec ted  by various environmental conditions were s tud ied . In alm ost 
every c a s e ,  protein conten t was increased  by adding nitrogen fe r ti l ize r .
Protein content varied among the v a r ie t ie s ,  with Bluebelle 
genera lly  showing the h ighest protein values  for both brown and milled 
rice in 1968 and 1969. Dawn usually  had the low est protein con ten t. 
Saturn was esp ec ia lly  responsive  to applied nitrogen with protein 
in c reases  resu lting  from both 80 and 1 2 0  pound nitrogen ra te s .
For Dawn and Bluebelle v a r ie t ie s ,  much of the Increased  protein 
resu lting  from nitrogen fertiliza tion  was apparently  removed during the 
milling p ro c e s s .
Protein content was much higher in 1969 than in 1968 for a ll  
v a r ie ties  and a l l  trea tm ents . When a l l  three v a r ie tie s  were considered , 
i t  was ev ident tha t more protein w as usually  found in the grain when 
a l l  the nitrogen was applied a t  seeding (T^), or where half the nitrogen 
was applied  a t  seeding and half applied  la te in the seaso n  a t  the 2  mm 
panicle s tage  (Tg).
There was an  inverse re la tionsh ip  between grain yield and protein 
content in the 1968 and 1969 c rops . In 1968, grain yield  was higher 
and protein content lower than in 1969. This inverse re la tionsh ip
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resulted  in the yield of protein being relatively  constan t for both 
y e a r s .
The yield of protein per acre did not differ a s  much among 
trea tm en ts , v a r ie t ie s , and years  a s  did protein content and grain 
y ie ld . Different ra te s  of nitrogen fe r ti l izer  had the g rea te s t  effect 
on protein y ie ld . D rill-seed ing  of rice produced slightly  higher grain 
yields and a lower protein content than did w ate r-seed in g .
Amino ac id  an a ly ses  showed th a t although some variation in 
amino ac id  content was ev iden t,  there did not appear to be a marked 
effect of varie ty , ra te  and time of nitrogen app lica tion , or method of 
seeding on amino ac id  con ten t, even though there were considerable 
differences in protein con ten t.
Contents of lysine and threonine, f irs t and second limiting amino 
a c id s ,  re sp ec tiv e ly ,  in r ice ,  were markedly reduced during the milling 
p rocess . Although not s ta t is t ic a l ly  s ign if ican t, a decrease  in lysine 
content accompanied an inc rease  in protein content for both milled and 
brown r ic e .  There was a large and co n s is ten t protein increase  in 1969 
compared to 1968, and contents  of severa l amino ac ids  were a lso  
greater in 1969.
Results of th is  study showed th a t  appreciable inc reases  in 
protein content and yie ld  of rice can  be expected to occur as  a resu lt  
of different ra te s  and times of applica tion  of nitrogen fertilizer .
Larger d ifferences in protein content and yield  of rice can  a lso  be
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expected a s  a re su lt  of d ifferences in environmental conditions 
a s so c ia te d  with different s e a so n s .  Although some differences in 
amino a c id s  occurred in th is  study, these  were of much less  magnitude 
than were differences in the protein content and y ie ld .
It would be of enormous benefit to extend these  stud ies  over 
several years to asce r ta in  trends in the effect of environmental con­
ditions on composition of r i c e . Also of importance would be studies 
aimed a t  e lucidating  inherent d ifferences and ch a rac te r is tic s  of 
protein and amino acid content of the rice genetic  pool as influenced 
by these  same environmental v a r iab les .
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